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SYSTEM AND METHOD FOR PACKET 
BYPASS IN A COMMUNICATIONS SYSTEM 

TECHNICAT. FIELD OF THE INV ENTION 

This invention relates generally to communicat i< 
systems, and more particularly to a system and method 
packet bypass in a communications system. 
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BACKGROUND OF THE INVENTION 

Computers often communicate over a network using 
asymmetrical communications protocols. For example, in the 
Asymmetrical Digital Subscriber Line (ADSL) protocol, the 
5 downstream bandwidth is typically larger than the upstream 

bandwidth. As a result, the downstream transmission rate, 
or the rate at which information is communicated from 
another network element to the subscriber, is typically 
higher than the upstream transmission rate, or the rate at 

10 which information is transferred from the subscriber to 

another network element . 

Network elements may communicate with one another by 
transferring packets of information over the network. A 
source network element packetizes information into one or 

15 more packets and then communicates the packets over the 

network toward a destination network element. Depending on 
the transmission protocol used, the destination network 
element may send acknowledgment messages to the source 
network element indicating that the destination network 

20 element successfully received the information packets. The 

Transmission Control Protocol (TCP) is one example of a 
protocol that supports the transfer of acknowledgment 
messages . 

Subscribers to network services typically execute 
25 multiple applications at the customer premises, and each of 

those applications may use a transmission protocol that 
supports acknowledgment messages. Applications downloading 
information from other network elements may need to send 
acknowledgment messages to the sending network element to 
3 0 confirm the proper receipt of information. The sending 

network element may delay communicating additional 
information to the subscriber until it receives the 
acknowledgment messages. At the same time, the same 
application or another application executed at the 
35 subscriber's premises may seek to upload other information 



ATTORNEY'S DOCKET NO. PATENT APPLICATION 

020533 . 0238 

3 

to a network element. Transmission of this information can 
temporarily delay communication of the acknowledgment 
messages, resulting in a delay in the receipt of 
information downloaded from the network element awaiting 
5 those acknowledgment messages . For example, in both the 

upstream and the downstream directions, the information 
packets and the acknowledgment messages may become 
interleaved. In the upstream direction, the subscriber 
typically transmits one information packet, one 

10 acknowledgment message, one information packet, one 

acknowledgment message, and so on. In the downstream 
direction, the subscriber typically receives one 
information packet, one acknowledgment message, one 
information packet, one acknowledgment message, and so on. 

15 The interleaving of the information packets and the 

acknowledgment messages can delay the transmission of the 
acknowledgment messages where the upstream bandwidth is 
saturated with information packets. The subscriber's delay 
in sending the acknowledgment messages can result in the 

2 0 network element receiving those acknowledgment messages at 

a slower rate, which causes that network element to 
transmit information to the subscriber at a slower rate. 
As a result, the transmission rates in the upstream and 
downstream directions typically equalize. The actual 

25 downstream transmission rate achieved by the subscriber is 

usually at or near the slower upstream transmission rate. 
The subscriber is unable to take advantage of the higher 
transmission rate in the downstream direction. 
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SUMMARY OF THE INVENTION 

The present invention recognizes a need for a system 
and method for packet bypass in a communications system, 
which reduce or eliminate some or all of the problems and 
5 disadvantages associated with prior systems and methods. 

In one embodiment of the invention, a method for 
packet bypass in a communications network includes 
receiving a plurality of packets, determining whether each 
packet is a bypass packet or a non-bypass packet, and 

10 communicating the non-bypass packets toward a communication 

link. The method also includes communicating a plurality 
of the bypass packets toward the communication link between 
communication of two of the non-bypass packets. 

In another embodiment of the invention, a system for 

15 packet bypass in a communications network comprises a 

communications manager operable to receive a plurality of 
packets and to determine whether each packet is a bypass 
packet or a non-bypass packet. The system further includes 
a memory accessible to the communications manager and 

2 0 operable to receive bypass packets and non-bypass packets 

from the communications manager. The communications 
manager is further operable to retrieve bypass packets and 
non-bypass packets from the memory and to communicate 
toward a communication link a plurality of the bypass 

2 5 packets between communication of two of the non-bypass 

packets . 

Numerous technical advantages can be gained through 
various embodiments of the invention. Various embodiments 
of the invention may exhibit none, some, or all of the 

3 0 following advantages. For example, in one embodiment of 

the invention, a system is provided that determines whether 
each packet is a bypass packet or a non-bypass packet. The 
system then communicates a plurality of bypass packets 
toward a communication link without non-bypass packets 
35 interleaved between the bypass packets. This allows the 
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system to reorder the packets being communicated toward the 
communication link and to give priority to the transfer of 
bypass packets over non-bypass packets. In a particular 
embodiment, each bypass packet contains an acknowledgment 

5 message, so the system transfers acknowledgment messages 

toward a communication link at an increased rate, and 
reduces delay in communication of information in the 
downstream direction. 

Some embodiments of the invention also allow a 

0 subscriber to achieve higher transfer rates using 

asymmetrical communications protocols. Because 
acknowledgment messages are being communicated toward a 
communication link at a faster rate by a subscriber, the 
network element receiving the acknowledgment messages may 

.5 transfer information to the subscriber at a faster rate. 

This helps to reduce the equalization between the 
transmission rates in the upstream and downstream 
directions. The actual transmission rates achieved by the 
subscriber increase, allowing the subscriber to take 

:0 advantage of the higher transmission rates provided by 

asymmetrical communications protocols. 

Other technical advantages will be readily apparent to 
one of skill in the art from the attached figures, 
description, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
to the following descriptions taken in connection with the 
5 accompanying drawings, in which: 

FIGURE 1 is a block diagram illustrating an exemplary 
communications system; 

FIGURE 2 is a block diagram illustrating an exemplary 
protocol stack in the system of FIGURE 1; 
0 FIGURE 3 is a block diagram illustrating another 

exemplary protocol stack in the system of FIGURE 1 ; 

FIGURES 4a and 4b are block diagrams illustrating 
exemplary data communications in the system of FIGURE 1 ; 

FIGURE 5 is a flowchart illustrating an exemplary 
5 method for receiving information packets; 

FIGURE 6 is a flowchart illustrating an exemplary 
method for classifying information packets; and 

FIGURE 7 is a flowchart illustrating an exemplary 
method for communicating information packets. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a block diagram illustrating an exemplary 
communications system 10. In general, system 10 operates 
to manage communication of signal packets to and from 

5 various network elements. Throughout this document, the 

term "packet" refers to a logical grouping of information 
that contains voice, data, video, and/or other information. 
Each packet may or may not include control information. As 
used in this document, the term "cell" refers generally to 

0 a subset of the larger signal packets. In the illustrated 

embodiment, system 10 includes a communication link 12 
coupling customer premises equipment 13, which may include 
a modem 14 and one or more hosts 16a- 16n, to external 
network elements, such as central office equipment 18 and 

5 various other networks 20. Other embodiments of system 10 

may be used without departing from the scope of the present 
invention . 

In one aspect of operation, one or more hosts 16 may 
execute multiple applications, each application 

0 transmitting and/or receiving information over 

communication link 12. At least one application receives 
information packets in a downstream direction from a 
sending network element, such as central office 18, and 
communicates acknowledgment messages in an upstream 

15 direction back toward the sending network element. 

Throughout this document, the term "downstream" refers to 
a communication path from a sending network element to an 
application utilizing the information received from the 
sending network element. The term ^'upstream" refers to a 

so communication path from the application toward the sending 

network element. 

Various ones of the applications executing on hosts 16 
may compete for bandwidth in the upstream direction. These 
applications may transmit packets containing application 

i5 information and/or packets containing acknowledgment 
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messages toward sending network elements. Because the 
amount of information received from the sending network 
elements may vary depending on how fast customer premises 
equipment 13 communicates acknowledgment messages toward 
5 the sending network elements, it may be desirable to 

reorder the packets being communicated toward the sending 
network element. In one embodiment, customer premises 
equipment 13 communicates packets containing acknowledgment 
messages at a faster rate than other packets. By 
10 communicating acknowledgment messages to central office 18 

at a higher rate, customer premises equipment 13 may 
receive information at a higher rate from central office 
18 . 

Communication link 12 couples customer premises 
15 equipment 13 to external network elements, such as central 

office 18. In this document, the term "couple" refers to 
any direct or indirect communication between two or more 
elements in system 10, whether or not those elements are in 
physical contact with one another. Also, throughout this 

2 0 document, the term "communication link" refers to any 

suitable wireless or wireline system that supports 
communication between network elements using ground-based 
and/or space-based components. Further, in this document, 
the phrase "network element" refers to any component 
25 operable to communicate over a communication network, 

including modem 14 and hosts 16. 

Communication link 12 facilitates communication 
between customer premises equipment 13 and external network 
elements, such as central office 18. Communication link 12 

3 0 may comprise any communications medium operable to 

facilitate communication of analog and/or digital signals, 
such as a twisted-pair copper telephone line or a fiber 
optic line. In another embodiment, communication link 12 
may comprise a wireless link between customer premises 
35 equipment 13 and, for example, central office 18. In a 
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particular embodiment, communication link 12 comprises an 
asymmetrical communication link, such as an Asymmetrical 
Digital Subscriber Line (ADSL) communication medium. In an 
asymmetric communication link, the bandwidth in the 
5 upstream direction is typically smaller than the bandwidth 

in the downstream direction. Other configurations could be 
used without departing from the scope of the invention. 

When used with an asymmetrical communication link 12, 
the present invention may be particularly useful in 

10 reordering the packets communicated in the upstream 

direction over communication link 12. For example, 
acknowledgment messages may receive higher priority than 
other packets. This may allow the bandwidth in the 
upstream and downstream directions to be utilized more 

15 efficiently by allowing the sending network element 

receiving the acknowledgment messages to receive them at a 
faster rate. As a result, the sending network element may 
transfer data to host 16 at a faster rate allowing system 
10 to more fully utilize the available bandwidth. 

2 0 Central office 18 is coupled to communication link 12 

and a network 20. Central office 18 facilitates 

communication between network 2 0 and hosts 16 over 
communication link 12. Network 20 may include any suitable 
wireline or wireless system that supports communication 

25 between network elements using ground-based and/or space- 

based components. For example, network 20 may be a public 
switched telephone network (PSTN) , an integrated services 
digital network (ISDN) , a local area network (LAN) , a wide 
area network (WAN) , a global computer network such as the 

30 Internet, or any other communications system or systems at 

one or more locations. 

Each host 16 is coupled to or includes all or a part 
of the functionality embodied in modem 14. Host 16 may 
comprise any device operable to execute one or more 

35 applications and to communicate over communication link 12. 
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Host 16 may, for example, comprise a workstation, a 
mainframe computer, a miniframe computer, a desktop 
computer, a laptop computer, a personal digital assistant, 
or any other computing or communicating device. In 
5 operation, host 16 may execute any appropriate operating 

system, such as MS-DOS, PC-DOS, OS-2, WINDOWS, and UNIX. 
Host 16 may include an input device 40, an output device 
42, a random access memory (RAM) 44, a read-only memory 
(ROM) 46, a CD-ROM, hard drive, or other magnetic or 
10 optical storage media 48, or other appropriate volatile or 

nonvolatile storage and retrieval devices, and a processor 
50 having a system clock or other suitable timing device or 
software . 

Input device 4 0 may comprise, for example, a keyboard, 
15 a mouse, a graphics tablet, a touch screen, a pressure- 

sensitive pad, a joystick, a light pen, a microphone, or 
other suitable input device. Output device 42 may 
comprise, for example, a video display, a printer, a disk 
drive, a plotter, a speaker, or other suitable output 

2 0 device. 

In the illustrated embodiment, host 16 also includes 
a local area network (LAN) card 22. LAN card 22 
facilitates communication between host 16 and modem 14 over 
a communication link 23, such as a local area network or an 
25 Ethernet. LAN card 22 may comprise any hardware, software, 

firmware, or combination thereof operable to facilitate an 
interface between host 16 and modem 14. In another 
embodiment, host 16 communicates with modem 14 using any 
other suitable communication method, including 

3 0 communication through a universal serial bus (USB) or a 

Peripheral Component Interconnect (PCI) local bus. 

Modem 14 is coupled to host 16 and communication link 
12 . Modem 14 provides an interface between host 16 and 
communication link 12. Throughout this document, the term 
35 "modem" refers to any combination of hardware, software. 
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and/or firmware operable to facilitate an interface between 
a communication link and a host device. For example, modem 
14 may transport information packets between host 16 and 
central office 18. The features and elements of modem 14 
5 may reside externally to host 16, or may be partially or 

completely integrated into host 16. 

In one embodiment, modem 14 comprises a digital 
subscriber line (DSL) modem. Modem 14 may implement any of 
the DSL protocols, including full -rate ADSL, ADSL Lite, and 

10 Very-high-rate DSL (VDSL) . Modem 14 may also comprise a 

cable modem or other suitable communication device. 
Although this description describes the invention as it 
relates to DSL transmission, the invention may also be used 
in systems employing other communications protocols. In 

15 addition, the invention contemplates other later revisions, 

modifications, enhancements, or new types of communications 
techniques . 

In the illustrated embodiment, modem 14 includes a 
communication manager communications manager 25 operable to 

2 0 facilitate communication of information between hosts 16 

and external network elements, such as central office 18. 
In a particular embodiment, communications manager 2 5 
includes a downstream communication component 24 and an 
upstream communication component 26. Downstream 

25 communication component 24 receives information packets 

from a sending network element, such as central office 18 
or another network element communicating with customer 
premises equipment 13 over communication link 12. Upstream 
communication component 2 6 receives information packets 

30 from host 16 and communicates the packets toward a sending 

network element over communication link 12. In the 
illustrated embodiment, upstream communication component 26 
includes a receive module 28 and a memory 30. Other 
configurations and/or functional partitions within modem 14 

35 may be used without departing from the scope of the present 
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invention. For example, although this embodiment shows 
upstream communication component 2 6 and downstream 
communication component 24 as separate functional entities, 
they could be combined into a single component within or 
5 accessible to customer premises equipment 13 . 

Receive module 28 is coupled to host 16 and memory 30. 
Receive module 2 8 receives information packets from host 16 
destined for a sending network element, such as central 
office 18. Receive module 28 also classifies the packets 

10 into one of at least two groups. Receive module 28 then 

stores the packets in memory 3 0 according to the 
classification of the packet. Receive module 28 may 
comprise any hardware, software, firmware, or combination 
thereof operable to receive and classify information 

15 packets. 

In the illustrated embodiment, receive module 2 8 
classifies packets into one of two groups. The groups may 
be referred to as bypass packets and non-bypass packets. 
In one embodiment, bypass packets are communicated toward 

2 0 a sending network element at a faster rate than non-bypass 

packets. Although receive module 28 is described as 
classifying packets into one of two groups, any suitable 
number of classifications may be used without departing 
from the scope of the invention. 
25 Receive module 2 8 may use any suitable characteristics 

of the information packets to classify the packets as 
bypass or non-bypass. For example, receive module 28 may 
classify packets as bypass or non-bypass using the size of 
the packet, the protocol used to generate the packet, 

3 0 and/or the contents of the packet. Receive module 2 8 may 

use one or all of these or other characteristics to 
classify the packets. In a particular embodiment, receive 
module 28 is operable to classify a packet as a bypass 
packet if the packet has a specified size. For example, 
35 where an ATM protocol is used, system 10 may classify 
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packets having a size of two cells as a bypass packet. 
Other size delineations could be used without departing 
from the scope of the invention. 

In another embodiment, receive module 28 determines 
5 whether the packet contains a valid acknowledgment message, 

and packets containing valid acknowledgment messages are 
classified as bypass packets. In still another embodiment, 
receive module 28 identifies packets having a specified 
size, generated using a particular protocol (such as the 

10 Transmission Control Protocol (TCP) ) , and containing an 

acknowledgment message as bypass packets. Receive module 
2 8 could use any other suitable characteristics and/or 
combination of characteristics to classify the packets. 

In this embodiment, packets are stored in memory 30. 

15 Although memory 30 is shown within modem 14, all or a part 

of memory 30 could reside at any other location accessible 
to customer premises equipment 13. Memory 30 can store 
both bypass packets and non-bypass packets. Memory 30 
comprises any of a variety of data structures, 

20 arrangements, or compilations operable to store and 

facilitate retrieval of various information accessible to 
customer premises equipment 13. This may include, for 
example, the use of a dynamic random access memory (DRAM) , 
a static random access memory (SRAM) , or any other suitable 

2 5 volatile or nonvolatile storage and retrieval device or 

combination of devices. 

In a particular embodiment, memory 30 includes a 
transmit memory 31 and a separate bypass memory 32. 
Transmit memory 3 0 and bypass memory 32 could each 

30 comprise, for example, a first-in, first-out queue. In 

that embodiment, transmit memory 31 receives non-bypass 
packets from receive module 28, and bypass memory 3 2 
receives bypass packets from receive module 28. 
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Alternatively, system 10 could store both bypass 
packets and non-bypass packets in a single memory 
structure. Bypass packets could be differentiated from 
non-bypass packets, for example, by including an 
5 identifier, such as a flag, along with the packet to 

identify the packet type. As a further example, non-bypass 
packets could be stored in one range of memory addresses 
while bypass packets are stored in another address range. 
Customer premises equipment 13 could search particular 

10 memory addresses or ranges of memory addresses when a 

particular packet type is to be transmitted. Other 
mechanisms for selectively accessing bypass and non-bypass 
packets could be used consistent with the invention. 

Transmit module 34 is coupled to memory 30 and line 

15 interface 38. Transmit module 34 retrieves packets from 

memory 3 0 and communicates the packets through line 
interface 3 8 to a sending network element, such as central 
office 18. Transmit module 34 may comprise any hardware, 
software, firmware, or combination thereof operable to 

2 0 retrieve information packets and communicate the packets 

over communication link 12. 

Transmit module 34 may use any suitable method to 
select and retrieve packets from memory 30. In one 
embodiment, transmit module 34 is operable to communicate 
25 a specific number of bypass packets over communication link 

12 without interleaving any non-bypass packets in between 
the bypass packets. The maximum number of bypass packets 
communicated between two non-bypass packets can be 
optimally selected to maximize the downstream transmission 

3 0 rate without substantially interfering with the upstream 

rate. In a particular embodiment, transmit module 34 
communicates up to five bypass packets over communication 
link 12 between communication of two of the non-bypass 
packets . 

35 
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If a transmission opportunity occurs and memory 3 0 
contains less than the maximum number of bypass packets, 
transmit module 34 communicates that number of bypass 
packets over communication link 12. If a transmission 
5 opportunity occurs and memory 3 0 contains no bypass 

packets, transmit module 34 communicates non-bypass packets 
over communication link 12 until a bypass packet becomes 
ready for transmission. Other methods may be used by 
transmit module 34 without departing from the scope of the 

10 present invention. 

Communications manager 2 5 interfaces with 
communications link 12 through a line interface (LIF) 38. 
In this embodiment, line interface 38 is coupled to 
downstream communication component 24, upstream 

15 communication component 26, and communication link 12. 

Line interface 3 8 includes hardware, software, firmware, or 
a combination thereof operable to communicate information 
to and from communication link 12. For example, line 
interface 3 8 could comprise a network interface device and 

20 supporting software, such as multi-layer protocol support, 

protocol conversion, data processing, and data modulation 
software . 

Although FIGURE 1 illustrates one embodiment of system 
10, numerous changes may be made to system 10 without 

25 departing from the scope of the invention. For example, 

FIGURE 1 illustrates modem 14 as comprising memory 3 0 
including transmit memory 31 and bypass memory 32, as well 
as communications manager 25 including receive module 28 
and transmit module 34. In another embodiment, all or 

3 0 portions of the functionality implemented by those 

components may reside within another component within or 
accessible to customer premises equipment 13, such as host 
16. Also, although modem 14 is illustrated as separate 
from host 16, all or a portion of modem 14 could reside 

35 within host 16. Further, although FIGURE 1 illustrates 
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multiple hosts 16 coupled to modem 14, a single host 16 may 
be coupled to modem 14. In addition, although the present 
invention has been described with respect to a modem 14 and 
a host 16, the invention may be implemented in any network 
5 element responsible for processing and/or communicating 

information over a communication link. For example, the 
invention may be implemented in a router, a bridge, a 
digital subscriber line access multiplexer (DSLAM) , or a 
switch. 

10 FIGURE 2 is a block diagram illustrating an exemplary 

protocol stack 100 in system 10 of FIGURE 1. Protocol 
stack 100 may be implemented within host 16 to facilitate 
communication with modem 14, where modem 14 performs the 
functions of classifying packets received from host 16. In 

15 the illustrated embodiment, protocol stack 100 includes a 

plurality of applications 102a and 102b, a transport layer 
104, a network layer 106, and a physical layer 108. Other 
embodiments of protocol stack 100 may be used without 
departing from the scope of the present invention. 

2 0 Applications 102 represent different applications 

executed by host 16. In this document, the term 
"application" refers to a set of instructions, procedures, 
functions, objects, classes, and/or instances, and related 
data adapted for implementation in a suitable computer 

25 language such as C, C++, Java, or any other appropriate 

language. Application 102a represents an application that 
communicates more information in the upstream direction 
than it receives in the downstream direction, and 
application 102b represents an application that receives 

30 more information in the downstream direction than it 

communicates in the upstream direction. Applications 102 
may represent any suitable application that may be executed 
by host 16, and any number of applications may be executed 
by host 16 without departing from the scope of the present 

3 5 invention. 
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Layer 104 implements a transport protocol used to 
allow host 16 to communicate with other network elements in 
network 20. Layer 104 receives information from 

application 102a and packetizes the information into 
5 information packets, and layer 104 passes the information 

packets to layer 106. Layer 104 also receives information 
packets for application 102b from layer 106, and layer 104 
depacketizes the information in the packets. In the 
illustrated embodiment, layer 104 implements the TCP 

10 protocol. Layer 104 could also implement any other 

suitable transport protocol, including a protocol that 
supports the transfer of acknowledgment messages. For 
example, layer 104 could also implement the Internetwork 
Packet Exchange (IPX) protocol. 

15 Layer 106 represents the network layer used to route 

information packets between host 16 and other network 
elements in network 20. Layer 106 receives information 
packets from layer 104 and addresses the packets so that 
they may be routed through network 20 toward a desired 

20 destination. Layer 106 passes the addressed packets to 

layer 108. Layer 106 also receives information packets 
from layer 108, and layer 106 passes the packets to layer 
104. In the illustrated embodiment, layer 106 implements 
the Internet Protocol (IP) . Layer 106 could also implement 

2 5 another suitable network layer protocol. 

Layer 108 supports the physical transmission link 
between host 16 and modem 14. Layer 108 receives 
information packets from layer 106 and communicates the 
packets to modem 14. Layer 108 also receives packets from 

30 modem 14 and passes the packets to layer 106. In the 

illustrated embodiment, layer 108 supports an Ethernet 
connection between host 16 and modem 14. Layer 108 could 
also support any other physical communication link. 

FIGURE 3 is a block diagram illustrating another 

35 exemplary protocol stack 200 in system 10 of FIGURE 1. 
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Protocol stack 2 00 may be implemented in another embodiment 
of system 10 where host 16 performs the functions of 
classifying the packets as bypass or non-bypass packets, 
and selectively communicating classified packets toward 
5 communication link 12 . 

In the illustrated embodiment, protocol stack 2 00 
includes a plurality of applications 202a and 202b, a 
transport layer 2 04, a network layer 2 06, a 14 83 protocol 
driver layer 2 08, a bypass layer 210, and a physical layer 

10 212. Other embodiments of protocol stack 200 may be used 

without departing from the scope of the present invention. 

Applications 202, layer 204, and layer 206 may be the 
same or similar to applications 102, layer 104, and layer 
106, respectively, from FIGURE 2. Layer 208 encapsulates 

15 information packets from layer 206 for transmission to 

modem 14, and layer 208 passes the encapsulated packets to 
bypass layer 210. Layer 208 also receives packets from 
bypass layer 210, removes the encapsulation, and passes the 
packets to layer 2 06. In the illustrated embodiment, layer 

2 0 208 supports a 1483 protocol to encapsulate packets for 

transmission to modem 14 over an Asynchronous Transfer Mode 
(ATM) communication link. Layer 208 could also support any 
other encapsulation method, such as Frame Relay. 

Bypass layer 210 implements the functionality of 
25 upstream communication component 26 described in FIGURE 1. 

Bypass layer 210 receives information packets from layer 
208, classifies the packets into one of at least two 
groups, and communicates the packets to layer 212. Bypass 
layer 210 may, for example, classify the packets as bypass 

3 0 or non-bypass packets and communicate bypass packets to 

layer 212 at a faster rate than non-bypass packets. In the 
illustrated embodiment, bypass layer 210 includes a receive 
module 214, a transmit memory 216, a bypass memory 218, and 
a transmit module 220. Receive module 214, transmit memory 
35 216, bypass memory 218, and transmit module 220 may be the 
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same or similar to receive module 28, transmit memory 31, 
bypass memory 32, and transmit module 34, respectively, 
from FIGURE 1. Transmit memory 216 and bypass memory 218 
could alternatively comprise a single memory structure. 
5 Layer 212 supports the physical transmission link 

between host 16 and modem 14. Layer 212 may be the same or 
similar to layer 108 from FIGURE 2. In the illustrated 
embodiment, layer 212 supports communications between host 
16 and modem 14 using an ATM communication link. Layer 212 

10 could also support any other physical communication link, 

such as an Ethernet link or a Frame Relay link. 

FIGURES 4a and 4b are block diagrams illustrating 
exemplary data communications in system 10 of FIGURE 1. 
FIGURE 4a illustrates data communications between host 16 

15 and central office 18 without the use of upstream 

communication component 26 of FIGURE 1. FIGURE 4b 
illustrates data communications between host 16 and central 
office 18 with the use of upstream communication component 
26 of FIGURE 1. Although FIGURES 4a and 4b are described 

2 0 with respect to upstream communication component 2 6 in 

modem 14 of FIGURE 1, the same or similar benefits may be 
achieved using bypass layer 210 from FIGURE 3. 

A subscriber may execute multiple applications on host 
16. A first application may require the uploading of large 
25 amounts of information, and a second may require the 

downloading of large amounts of information. For the first 
application, host 16 transmits information packets and 
receives acknowledgment messages for those information 
packets. For the second application, host 16 receives 

3 0 information packets and transmits acknowledgment messages 

for those information packets. 

As shown in FIGURE 4a, in both the downstream 
direction 300 and the upstream direction 310, the 
information packets and the acknowledgment messages may 
35 become interleaved. In the downstream direction 300, host 
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16 typically receives one information packet 302 followed 
by one acknowledgment message 304. In the upstream 
direction 310, host 16 typically transmits one information 
packet 312 followed by one acknowledgment message 314. 
5 When host 16 communicates with a sending network 

element using an asymmetrical communications protocol, such 
as ADSL, for a given amount of information, packets 3 02 can 
be received by host 16 faster than packets 312 are 
transmitted by host 16. Because information packets 312 

10 and acknowledgment messages 314 are interleaved in the 

upstream direction, the slow transfer rate of information 
packets 312 results in a correspondingly slow transfer rate 
of acknowledgment messages 314. Since the network element 
transmitting information packets 3 02 to host 16 in the 

15 downstream direction is waiting to receive acknowledgment 

messages 314, host 16 receives one information packet 3 02 
followed by a waiting period 320. This causes the transfer 
rate in the downstream direction to decrease, preventing 
host 16 from maintaining a high transfer rate. 

2 0 As shown in FIGURE 4b, the use of upstream 

communication component 2 6 helps to prevent or reduce the 
interleaving of the packets and the acknowledgment messages 
in the upstream direction from slowing the overall 
communication rate. In the downstream direction 34 0, host 

25 16 receives information blocks 342 containing multiple 

information packets 346, followed by an acknowledgment 
message 344. In the upstream direction 350, host 16 
transmits a plurality of acknowledgment messages 354 
without information packets 352 interleaved between the 

30 acknowledgment messages 354. 

By using upstream communication component 26, host 16 
transmits acknowledgment messages 3 54 at a faster rate than 
the non-bypass packets 352. This may allow host 16 to 
receive information packets 346 with fewer or no waiting 

35 periods 320. This may also allow a subscriber to receive 
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a higher transfer rate in the downstream direction by 
avoiding the downstream transmission rate equalizing to a 
slower upstream rate. 

FIGURE 5 is a flowchart illustrating an exemplary 
5 method 500 for receiving information packets. Although 

method 50 0 is described with respect to communications 
manager 25 in modem 14, the same or similar method may be 
used by receive module 214 in bypass layer 210. 

Communications manager 2 5 receives an information 

10 packet from an application at step 502. This may include, 

for example, modem 14 receiving the packet from host 16 
through LAN card 22. Communications manager 25 determines 
whether the packet is a bypass or a non-bypass packet at 
step 506. This may include, for example, classifying the 

15 packet using the size of the packet, the protocol used to 

generate the packet, and/or at least a portion of the 
contents of the packet. If the packet is a bypass packet, 
communications manager 25 stores the packet as a bypass 
packet at step 508. This may include, for example, storing 

2 0 the packet in a separate bypass memory 32, storing the 

packet in a particular range of memory addresses within 
memory 30, or setting an identifier such as a flag in the 
packet to indicate that it is a bypass packet. If the 
packet is a non-bypass packet, communications manager 25 
25 stores the packet as a non-bypass packet in a similar 

manner at step 510. 

FIGURE 6 is a flowchart illustrating one particular 
method 600 for classifying information packets. Although 
method 600 is described with respect to communications 

3 0 manager 25, the same or similar method may be used by 

receive module 214 in bypass layer 210. 

Communications manager 2 5 determines at step 602 
whether the packet has a specified size, such as a size of 
two cells. Communications manager 25 also determines at 
35 step 604 whether the packet was generated using a 
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particular protocol, such as the TCP/IP protocol which 
supports the use of acknowledgment messages. 
Communications manager 25 further determines at step 606 
whether the packet includes at least a portion of a 
5 specified content, such as a valid acknowledgment message. 

In this example, if all three conditions are met, 
communications manager 2 5 classifies the packet as a bypass 
packet at step 608. Otherwise, communications manager 25 
classifies the packet as a non-bypass packet at step 610. 

10 Communications manager 25 may determine whether a 

packet is a bypass or non-bypass packet using any of the 
identified characteristics in FIGURE 6 or using other or 
additional characteristics. Communications manager 25 may 
also test packets for those characteristics in any order. 

15 In one embodiment, communications manager 25 tests the size 

of the packet, then the protocol used to generate the 
packet, and then the contents of the packet. In this 
embodiment, communications manager 25 may be able to 
quickly identify non-bypass packets. For example, 

20 communications manager 25 may be able to identify a size of 

a packet faster than determining whether the packet 
contains a valid acknowledgment message. By identifying 
the size of the packet first, communications manager 2 5 may 
quickly identify packets that are too large or too small to 

25 contain an acknowledgment message. Also, communications 

manager 25 may be able to identify the protocol used to 
generate the packet faster than identifying whether the 
packet contains a valid acknowledgment message. By 
identifying the protocol used to generate the packet, 

3 0 communications manager 25 may quickly identify packets 

generated using a protocol that does not support the use of 
acknowledgment messages . 

FIGURE 7 is a flowchart illustrating an exemplary 
method 700 for communicating information packets. Although 

3 5 method 700 is described with respect to communications 
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manager 25, the same or similar method may be used by 
transmit module 220 in bypass layer 210. 

Communications manager 25 is initialized at a step 
702. This may include, for example, resetting any counters 
5 used by transmit module 34. For example, in one 

embodiment, communications manager 25 uses a counter to 
monitor how many bypass packets have been communicated 
toward communication link 12. When the counter reaches a 
certain value, or when there are no bypass packets ready 
10 for transmission, communications manager 25 communicates a 

non-bypass packet toward communication link 12. The 
counter may be initialized to any suitable value, such as 
zero or the maximum number of bypass packets that may be 
communicated toward communication link 12 between two non- 
15 bypass packets. 

Communications manager 25 determines at step 704 
whether memory 30 contains any bypass packets. If memory 
3 0 contains no bypass packets, communications manager 2 5 
retrieves a non-bypass packet from memory 3 0 at step 706. 
20 Communications manager 25 communicates the packet toward 

communication link 12 at step 708. Communications manager 
25 reinitializes the counter at step 710, and returns to 
step 704 to determine if a bypass packet is available. 

If memory 3 0 contains one or more bypass packets at 
25 step 704, communications manager 25 determines whether the 

counter equals a limit at step 712. When the counter 
equals the limit, communications manager 2 5 has previously 
communicated the maximum number of bypass packets that may 
be communicated between two non-bypass packets. As one 
3 0 particular nonlimiting example, communications manager 25 

may communicate up to five bypass packets between two non- 
bypass packets. If the counter equals the limit, 
communications manager 2 5 proceeds to step 70 6 and 
retrieves a non-pass packet from memory 30. 

35 
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If communications manager 2 5 has not previously 
communicated the maximum number of bypass packets at step 
712, it retrieves a bypass packet from memory 3 0 at step 
714. Communications manager 25 communicates the packet 

5 toward communication link 12 at step 716, Communications 

manager 25 increments the counter at step 718, and transmit 
module 34 returns to step 304 to retrieve another packet. 

Although the present invention has been described in 
several embodiments, a myriad of changes, variations, 

0 alterations, transformations, and modifications may be 

suggested to one skilled in the art, and it is intended 
that the present invention encompass such changes, 
variations, alterations, transformations, and modifications 
as fall within the spirit and scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method for packet bypass in a communications 
network, comprising: 

receiving a plurality of packets; 
5 determining whether each packet is a bypass packet or 

a non-bypass packet; 

communicating the non-bypass packets toward a 
communication link; and 

communicating a plurality of the bypass packets toward 
10 the communication link between communication of two of the 

non-bypass packets, 

2. The method of Claim 1, wherein each bypass packet 
comprises an acknowledgment message. 

15 

3. The method of Claim 1, wherein determining 
whether each packet is a bypass packet or a non-bypass 
packet comprises determining a size of the packet. 

20 4. The method of Claim 3, wherein determining the 

size of the packet comprises classifying packets having a 
size smaller than a specified size as bypass packets. 

5. The method of Claim 1, wherein determining 
25 whether each packet is a bypass packet or a non-bypass 

packet comprises determining a content of the packet. 

6. The method of Claim 5, wherein each bypass packet 
comprises a Transmission Control Protocol (TCP) packet 

30 containing an acknowledgment message. 

7. The method of Claim 1, wherein determining 
whether each packet is a bypass 'packet or a non-bypass 
packet comprises determining at least one of a size of the 

3 5 packet, a protocol used to generate the packet, and a 

content of the packet . 
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8. The method of Claim 1, wherein determining 
whether each packet is a bypass packet or a non-bypass 
packet comprises : 

determining a size of the packet ; 
5 if the packet does not have a specified size, 

classifying the packet as a non-bypass packet, otherwise 
determining a protocol used to generate the packet; 

if the packet was not generated using a specified 
protocol, classifying the packet as a non-bypass packet, 
10 otherwise determining a content of the packet; and 

if the packet does not include at least a portion of 
a specified content, classifying the packet as a non-bypass 
packet, otherwise classifying the packet as a bypass 
packet . 

15 

9. The method of Claim 1, further comprising 
determining a maximum number of bypass packets that can be 
communicated between communication of two of the non-bypass 
packets . 

20 

10. The method of Claim 1, further comprising storing 
each bypass packet and each non- bypass packet in a memory 
wherein the bypass packets and non-bypass packets can be 
selectively retrieved from the memory. 

25 

11. The method of Claim 10, wherein the memory 
comprises : 

a bypass memory operable to store bypass packets; and 
a transmit memory separate from the bypass memory and 
3 0 operable to store non-bypass packets. 

12. The method of Claim 1, wherein the communication 
link comprises an Asymmetrical Digital Subscriber Line 
residing between a modem and a central office switch 

35 
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13. The method of Claim 1, wherein the communication 
link comprises at least one of a universal serial bus, a 
Peripheral Component Interconnect local bus, or an Ethernet 
connection, residing between a host and a modem. 

5 
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14. A system for packet bypass in a communications 
network, comprising: 

at least one computer readable medium; and 
software encoded on the computer readable medium, the 
5 software operable when executed to: 

receive a plurality of packets; 

determine whether each packet is a bypass packet 
or a non-bypass packet; 

communicate the non-bypass packets toward a 
10 communication link; and 

communicate a plurality of the bypass packets 
toward the communication link between communication of two 
of the non-bypass packets. 

15 15. The system of Claim 14, wherein each bypass 

packet comprises an acknowledgment message. 

16. The system of Claim 14, wherein the software is 
operable to determine whether each packet is a bypass 

20 packet or a non-bypass packet by determining a size of the 

packet . 

17. The system of Claim 16, wherein determining the 
size of the packet comprises classifying packets having a 

25 size smaller than a specified size as bypass packets. 

18. The system of Claim 14, wherein the software is 
operable to determine whether each packet is a bypass 
packet or a non-bypass packet by determining a content of 

3 0 the packet. 

19. The system of Claim 18, wherein each bypass 
packet comprises a Transmission Control Protocol (TCP) 
packet containing an acknowledgment message . 

35 
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20. The system of Claim 14, wherein the software is 
operable to determine whether each packet is a bypass 
packet or a non-bypass packet by determining at least one 
of a size of the packet, a protocol used to generate the 

5 packet, and a content of the packet. 

21. The system of Claim 14, wherein the software is 
operable to determine whether each packet is a bypass 
packet or a non-bypass packet by: 

10 determining a size of the packet ; 

if the packet does not have a specified size, 
classifying the packet as a non-bypass packet, otherwise 
determining a protocol used to generate the packet; 

if the packet was not generated using a specified 
15 protocol, classifying the packet as a non-bypass packet, 

otherwise determining a content of the packet; and 

if the packet does not include at least a portion of 
a specified content, classifying the packet as a non-bypass 
packet, otherwise classifying the packet as a bypass 
20 packet. 

22. The system of Claim 14, wherein the software is 
operable to communicate up to a specified maximum number of 
bypass packets between communication of two non-bypass 

25 packets. 

23. The system of Claim 14, wherein the software is 
further operable to store each bypass packet and each non- 
bypass packet in a memory wherein the bypass packets and 

30 non-bypass packets can be selectively retrieved from the 

memory . 
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24. The method of Claim 23, wherein the memory 
comprises : 

a bypass memory operable to store bypass packets; and 
a transmit memory separate from the bypass memory and 
5 operable to store non-bypass packets. 

25. The system of Claim 14, wherein the communication 
link comprises an Asymmetrical Digital Subscriber Line 
residing between a modem and a central office switch. 

0 

26. The system of Claim 14, wherein the communication 
link comprises at least one of a universal serial bus, a 
Peripheral Component Interconnect local bus, or an Ethernet 
connection, and resides between a host and a modem. 



15 
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27. A system for packet bypass in a communications 
network, comprising: 

a communications manager operable to receive a 
plurality of packets and to determine whether each packet 
5 is a bypass packet or a non-bypass packet; and 

a memory accessible to the communications manager and 
operable to receive bypass packets and non-bypass packets 
from the communications manager; 

wherein the communications manager is further operable 
10 to retrieve bypass packets and non-bypass packets from the 

memory and to communicate toward a communication link a 
plurality of the bypass packets between communication of 
two of the non-bypass packets. 

15 28. The system of Claim 27, wherein each bypass 

packet comprises an acknowledgment message. 

29. The system of Claim 27, wherein the 
communications manager is operable to determine whether 

2 0 each packet is a bypass packet or a non-bypass packet by 

determining a size of the packet. 

30. The system of Claim 29, wherein the 
communications manager is operable to classify all packets 

25 having a size smaller than a specified size as bypass 

packets . 

31. The system of Claim 27, wherein the 
communications manager is operable to determine whether 

3 0 each packet is a bypass packet or a non-bypass packet by 

determining a content of the packet . 

32. The system of Claim 31, wherein each bypass 
packet comprises a Transmission Control Protocol (TCP) 

35 packet containing an acknowledgment message. 
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33. The system of Claim 27, wherein the 
communications manager is operable to determine whether 
each packet is a bypass packet or a non-bypass packet by 
determining at least one of a size of the packet, a 

5 protocol used to generate the packet, and a content of the 

packet . 

34. The system of Claim 27, wherein the 
communications manager is operable to determine whether 

0 each packet is a bypass packet or a non-bypass packet by: 

determining a size of the packet; 

if the packet does not have a specified size, 
classifying the packet as a non-bypass packet, otherwise 
determining a protocol used to generate the packet; 

5 if the packet was not generated using a specified 

protocol, classifying the packet as a non-bypass packet, 
otherwise determining a content of the packet; and 

if the packet does not include at least a portion of 
a specified content, classifying the packet as a non-bypass 

;0 packet, otherwise classifying the packet as a bypass 

packet . 

35. The system of Claim 27, wherein the 
communications manager isoperable to communicate up to a 

!5 specified maximum number of bypass packets between 

communication of two non-bypass packets. 



36. The system of Claim 27, wherein the memory 
comprises : 

3 0 a bypass memory operable to store bypass packets; and 

a transmit memory separate from the bypass memory and 
operable to store non-bypass packets. 



35 



37. The system of Claim 27, wherein at least a 
portion of the communications manager resides within a 
modem coupled to a host computer. 
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38. The system of Claim 31, wherein the modem 
comprises an external modem coupled to the host computer. 

39. The system of Claim 27, wherein at least a 
5 portion of the communications manager resides within a host 

computer . 
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PATENT APPLICATION 



SYSTEM AND METHOD FOR PACKET 
BYPASS IN A COMMUNICATIONS SYSTEM 

ABSTRACT OF THE DISCLOSURE 
5 A method for packet bypass in a communications network 

includes receiving a plurality of packets, determining 
whether each packet is a bypass packet or a non-bypass 
packet, and communicating the non-bypass packets toward a 
communication link. The method also includes communicating 
10 a plurality of the bypass packets toward the communication 

link between communication of two of the non-bypass 
packets . 



020533.0238 
1 of 4 




020533.0238 
2 of 4 




202a- 



APPLICATION 
1 



APPLICATION 
2 



^202b 



TCP 



1483 PROTOCOL DRIVER 



216r 



RECEIVE 
MODULE 



'214 



TRANSMIT 
MEMORY 



BYPASS 
MEMORY 



220- 



TRANSMIT 
MODULE 



-"218 



ATM 



ETHERNET/USB/PCI INTERFACE 
TO MODEM 14 



020533.0238 
3 of 4 



340 FIG. 4 b ^ ^ 

^ 342a ^4fi 344a 342b 344b 342c 344c 

downstream: ^ ]^ . , , y , , X, , , / , , 

I I DATA I I I A I I I DATA I | | A | | j DATA I [ | A | 

350 

FIG. 4 a 



300 302a 
DOWNSTREAM: [_DJ 


-^^^ 304a 302b 


320b 

/ 


304b 302c 


320c 

/ 


304c 


UPSTREAM: | 


DATA II A II 


DATA 




DATA 




310 


/ 7 

312a 314a 


s 

312b 


314b 


\ 

312c 


314c 



FIG. 7 




020533.0238 
4 of 4 



502- 



508- 



( START ) 

RECEIVE PACKET 
FROM APPLICATION 



STORE AS BYPASS 
PACKET 



FIG. 5 




500 



510 



STORE AS 
NON-BYPASS PACKET 



( END ) 




ATTORNEY DOCKET NO. 
020533 . 0238 



PATENT APPLICATION 



1 



DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I declare that: 

My residence, post office address and citizenship are as 
stated below next to my name, that I believe I am a joint 
inventor of the subject matter which is claimed and for which a 
patent is sought on the invention or design entitled SYSTEM AND 
METHOD FOR PACKET BYPASS IN A COMMUNICATIONS SYSTEM, the 
specification of which is attached hereto; that I have reviewed 
and understand the contents of the above- identified 
specification, including the claims, as amended by any amendment 
referred to above; and that I acknowledge the duty to disclose 
to the U.S. Patent and Trademark Office all information known to 
me to be material to patentability as defined in 37 C.F.R. 
§ 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. 
§ 119 of any foreign application (s) for patent or inventor's 
certificate listed below and have also identified below any 
foreign application (s) for patent or inventor's certificate 
having a filing date before that of the application on which 
priority is claimed: 

Priority 
Date Claimed 
Number Country Filed jYes] [Nol 

N/A 

I hereby claim the benefit under 35 U.S.C. § 12 0 of any 
United States application (s) listed below and, insofar as the 
subject matter of each of the claims of this application is not 
disclosed in the prior United States application (s) in the manner 
provided by the first paragraph of 35 U.S.C. § 112, I acknowledge 
the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as 

DALOl : 547879. 1 



ATTORNETY DOCKET NO. 
020533 . 0238 



PATENT APPLICATION 



defined in 37 C.F.R. § 1.56 which became available between the 
filing date of the prior application (s) and the national or PCT 
international filing date of this application: 



Application 
Serial Number Date Filed 



N/A 



I hereby appoint : 



Jerry W. Mills 


Reg. 


No. 


23, 005 


Robert M. Chiaviello 


Reg. 


No. 


32,461 


Ann C . Livingston 


Reg. 


No. 


32,479 


Kevin J. Meek 


Reg. 


No. 


33,738 


Rodger L. Tate 


Reg. 


No. 


27, 399 


Scott F. Partridge 


Reg. 


No. 


28, 142 


Harold E. Meier 


Reg . 


No. 


22,428 


Thomas R. Nesbitt, Jr. 


Reg . 


No. 


22, 075 


James J. Maune 


Reg. 


No. 


26, 946 


Charles S. Fish 


Reg . 


No. 


35, 870 


Thomas R. Felger 


Reg . 


No. 


28, 842 


T. Murray Smith 


Reg. 


No. 


30,222 


James B. Arpin 


Reg . 


No. 


33,470 


James Remenick 


Reg. 


No. 


36, 902 


Jay B. Johnson 


Reg. 


No. 


38, 193 


Barton E. Showalter 


Reg. 


No. 


38,302 


David G. Wille 


Reg. 


No. 


38, 363 


Terry J. Stalford 


Reg . 


No. 


39, 522 


Bradley P. Williams 


Reg. 


No. 


40,227 


Robert W. Holland 


Reg. 


No. 


40, 020 


Christopher W. Kennerly 


Reg . 


No. 


40, 675 


Floyd B. Chapman 


Reg. 


No. 


40, 555 


Douglas M. Kubehl 


Reg . 


No. 


41, 915 


Samir A. Bhavsar 


Reg. 


No. 


41, 617 


Robert A. King 


Reg. 


No. 


42, 738 


James L. Baudino 


Reg . 


No. 


43,486 


David M. Doyle 


Reg . 


No. 


43 , 596 


Tara D . Knapp 


Reg. 


No. 


43 , 723 


William R. Borchers 


Reg. 


No. 


44, 549 


Brian W. Oaks 


Reg. 


No. 


44, 981 


Luke K. Pedersen 


Reg. 


No. 


45, 003 


Matthew B. Talpis 


Reg. 


No. 


45, 142 


Keiko Ichiye 


Reg. 


No. 


45,460 


Jeffrey D. Baxter 


Reg. 


No. 


45, 560 


Thomas A. Beaton 


Reg. 


No. 


P46, 543 


Kurt M. Pankratz 


Reg. 


No. 


P46, 977 



DALOl: 547879.1 



ATTORNEY DOCKET NO. 
020533 . 0238 



PATENT APPLICATION 



3 



Bryan E. Szymczak 


Reg. 


No. 


P47, 120 




Patent Agents : 










Brian A. Dietzel 


Reg . 


No. 


44, 656 




Kevin R. Imes 


Reg . 


No . 


44, 795 




all of the firm of Baker 


Botts L.L.P. , 


my 


attorneys with 


full 


power of substitution 


and revocation, 


to prosecute 


this 



application and to transact all business in the United States 
Patent and Trademark Office connected therewith, and to file and 
prosecute any international patent applications filed thereon 
before any international authorities under the Patent Cooperation 
Treaty. 



Send Correspondence To : 

Baker Botts L.L.P. 
2 001 Ross Avenue 
Dallas, Texas 75201-2980 



Direct Telephone Calls To : 

Barton E. Showalter 

at (214) 953-6509 

Atty. Docket No. 020533.0238 



I declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are 
believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



DALOl: 547879.1 



ATTORNEY DOCKET NO. 
020533 . 0238 



PATENT APPLICATION 



4 

Full name of first inventor 

Inventor ' s signature 
Date 

Residence (City, County, State) 

Citizenship 

United States of America 

Post Office Address 2015 Diamond Ridge Drive 

Carrollton, Texas 75010 



Kenneth A. Lauf f enburger 




Carrollton, Denton County, 
Texas 



Full name of second inventor 



William A. Perry, Jr. 



Inventor's signature 
Date 

Residence (City, County, State) 

Citizenship 

Post Office Address 




Addison, Dallas County, 
Texas 



United States of America 



383 7 Azure Lane 
Addison, Texas 75 0 01 
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Full name of third inventor 

Inventor's signature 
Date 

Residence (City, County, State) 

Citizenship 

Post Office Address 



Keith P. Knauber 




Irving, Dallas County, 
Texas 

United States of America 

7322 Parkridge Boulevard #63 
Irving, Texas 75063 



Full name of fourth inventor 

Inventor's signature 
Date 

Residence (City, County, State) 

Citizenship 

Post Office Address 



Roy E. Rowan 




Terrell, Hunt County, Texas 
United States of America 



10505 County Road 2466 
Terrell, Texas 75160 



